How ground states of quantum matter transform between one another reveals deep insights into the mechanisms stabilizing them. Correspondingly, quantum phase transitions are explored in numerous materials classes, with heavy fermion compounds being among the most prominent ones. Recent studies in an anisotropic heavy fermion compound have shown that different types of transitions are induced by variations of chemical or external pressure [1] [2] [3] , raising the question of the extent to which heavy fermion quantum criticality is universal.
Here, we do so in the cubic heavy fermion compound Ce 3 Pd 20 Si 6 . We show that this material undergoes a quantum phase transition at a readily accessible magnetic field, and are able to identify the Kondo breakdown energy scale T * . This scale vanishes inside the ordered part of the compound's phase diagram, thereby providing the first clear evidence for a Kondo breakdown in the three-dimensional part of the global phase diagram. Furthermore, we show that this vanishing scale is the origin of the non-Fermi liquid behaviour observed previously in this compound (Supplementary Information).
In the cubic crystal structure of space group F m3m, the Ce atoms occupy two different crystallographic sites, 4a (Ce1) and 8c (Ce2), both with cubic point symmetry 15 ( Fig. 1a) .
This structure persists down to at least 40 mK, as shown by high-resolution neutron diffraction measurements 16 . The magnetic susceptibility χ(T ) is Curie-Weiss like above 100 K (Fig. 1b) , with an effective moment close to the full moment (2.54 µ B /Ce) of the J = 5/2 spin-orbit ground state. A clear anomaly can be seen in χ(T ) somewhat below T N (Fig. 1c) .
The electrical resistivity ρ(T ) is typical of heavy fermion compounds. ∆ρ, the resistivity with the phonon-scattering contribution subtracted, shows a − ln(T ) behaviour due to incoherent Kondo scattering at high temperatures. The maximum at about 20 K signals the onset of Kondo screening (Fig. 1d) . Also the Hall coefficient shows the typical heavy fermion behaviour at high temperatures (Fig. 1e ). Between room temperature and 50 K it is well described by R H (T ) = R 0 + R A (T ), where R 0 represents a temperature independent normal
Hall coefficient and R A (T ) an intrinsic skew-scattering term. At low temperatures, R A becomes small and the measured Hall coefficient is dominated by the normal Hall component
The specific heat C(T ) reveals that, in addition to the phase transition at T N that is also seen in χ(T ), there is a second phase transition at T Q (Fig 1f, doublet of the crystalline electric field split ground states of the Ce 4f orbitals on the 8c and 4a sites, respectively 16, 21 . The temperature-field phase diagram is shown in Fig. 1g . T Q is initially enhanced by the applied field but is eventually reduced at larger fields. According to measurements on single crystals, magnetic field is able to completely suppress T Q (ref. 19 ),
suggesting the presence of a QCP at fields above 10 T. Within the ordered region T Q (B) > 0, T N can be seen to decrease monotonically and vanish at about 0.9 T. This specifies a readily accessible QCP, thereby providing a rare opportunity to study quantum phase transitions in cubic heavy fermion materials.
It follows from general symmetry considerations that antiferro-quadrupolar ordering preserves the cubic symmetry of the lattice, as described in Supplementary Information. In addition, such considerations as well as microscopic calculations show that antiferro-quadrupolar order in the presence of magnetic field induces dipolar order, thereby influencing the antiferromagnetic correlations. The induced antiferromagnetic order, in turn, implies a magneticfield tuning of the antiferro-quadrupolar transition temperature (Fig. S5 of Supplementary Information), which is compatible with the experimentally observed phase diagram (Fig. 1g) .
Through the magnetic coupling between the 8c and 4a sites, the entire ordered region will contain both magnetic and quadrupolar orders. Finally, in the absence of the competition by the RKKY interactions, the ground state multiplets at both sites will be quenched by their Kondo couplings with the conduction electrons.
Studying the isothermal control parameter dependence of transport properties is a well established means 11, 12 to probe the quantum critical fluctuations near a QCP. At the lowest temperatures ρ H (B) shows two kinks (Fig. 2a) . One of these persists as a broadened feature at temperatures above T N (Fig. 2b,c) . To quantify these features we fit the data with crossover functions (Methods), shown as lines in Fig. 2a This is shown in Fig. 2d for the crossover at B * .
The features in the Hall resistivity have their counterparts in the longitudinal and transverse magnetoresistance ρ l (B) and ρ t (B) (Fig. 2e,f) . The B * crossover appears as a broadened step-like decrease of the resistivity with increasing field. Below T N , the B N crossover is seen as an increase of the resistivity with field at small fields. The resistivity also contains a component that increases more gradually with field. This is identified as a background A collapsing Kondo breakdown scale has been observed in YbRh 2 Si 2 (refs. 8, 11, 12 ). In that case the T * line merges with the zero temperature boundary between paramagnetic and ordered phases, thereby signaling the destruction of the Kondo effect and concomitant reconstruction of the Fermi surface at the onset of magnetic order [24] [25] [26] . However, in Ce 3 Pd 20 Si 6 the T * line enters an ordered phase at finite temperature. We interpret this distinction as due to the different dimensionality of the two compounds.
Spatial dimensionality modifies the degree of fluctuations, including that of the quantum magnetism accociated with the f moments. This is illustrated by the two-parameter global phase diagram shown in Fig. 4 . The horizontal axis marks the strength J K of the Kondo coupling between the local f moments and the conduction electrons. It controls the degree of quantum fluctuations due to spin flip processes associated with the Kondo coupling.
The vertical axis G describes the degree of quantum fluctuations within the local moment component.
Going from the three-dimensional (3D) cubic limit to the decoupled 2D limit amounts to moving upwards along the vertical axis. The tetragonal structure of YbRh 2 Si 2 suggests that it is close to the 2D limit, with enhanced G, making it natural to have the ordered to paramagnetic phase boundary coinciding with the Kondo collapse. The cubic structure of Fermi-surface reconstructions both at the antiferromagnetic transition, the T N line, and away from it, at the T * line. While the former is smooth, the latter extrapolates to a jump of the Fermi surface in the zero-temperature limit. Our results amount to a rare demonstration of Fermi-surface reconstruction away from symmetry-breaking transitions. By extension, our findings highlight the emergence of novel electronic excitations through a mechanism other than spontaneous symmetry breaking, a notion that is of considerable current interest in a variety of settings including topological matters.
To summarize, we have observed an energy scale associated with the destruction of the Kondo effect and the concominant f -electron localization in a cubic heavy fermion compound. This not only extends the materials basis for this effect to the 3D extreme but also unambiguously establishes that the origin of the T * scale lies in robust many body correlations, as opposed to materials specific band structure effects. Our findings suggest a materials based global phase diagram for heavy fermion systems, which not only highlights a rich variety of quantum critical points but also indicates an underlying universality. Given that quantum critical fluctuations represent an established route towards unconventional superconductivity, the insight we have gained will likely be important for the physics of high-temperature superconductors.
Methods
Synthesis and sample selection. The polycrystalline samples were prepared from highpurity elements (Ce 99.99%, Pd 99.998%, Si 99.9999%) by either ultra-high purity argon-arc or radio-frequency heating. Because of the excellent stoichiometry of these polycrystals they are of higher quality than the best available single crystals; this is evidenced by larger residual resistance ratios, sharper phase transition anomalies and higher transition temperatures in the polycrystals 18, 19, 34 . The phase transition temperature T N (B) is isotropic in field down to the lowest measured temperature 19 . We therefore chose these polycrystals for our investigation.
Characterization. The magnetotransport measurements were performed by a standard 4-point ac technique in an Oxford dilution refrigerator and, above 2 K, in a PPMS from Quantum Design. The magnetization measurements were performed by a capacitive technique at low temperatures and in a SQUID magnetometer of Cryogenic Ltd. above 2 K.
Data analysis. The crossover in the magnetoresistance at B * was fitted with the empirical crossover function
introduced in ref. 11 , and the crossover at T N with the function
The latter function was chosen because it represents a single, symmetrically broadened step of height ∆A and width w at the finite field B N , that describes the data very well. The Hall resistivity was modeled with the integral over these fitting functions.
As discussed in the main text, a smooth overall increase of ρ with only weak temperature dependence appears to be superimposed onto these two features. Measuring the magnetoresistance in both the longitudinal (field parallel to electrical current, Fig. 2e ) and the transverse (field perpendicular to electrical current, Fig. 2f ) configuration helps us to identify this latter as a background contribution due to normal magnetoresistance. It is featureless at the QCP and should be eliminated for the analysis of quantum criticality. We approximate the temperature dependent background by rescaling the background functions of the lowest temperature isotherms (grey lines in Fig. 2e,f) with the quadratic temperature dependence of the 15 T resistivity data observed at the lowest temperatures. After the subtraction of this background (ρ l,back and ρ t,back ) the crossover-related magnetoresistance approaches zero at high fields. An exemplary fit is shown in Fig. S2 of Supplementary Information. 
